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Ornithinc dccarboxylase (ODC) of Crirlridirr~scicfr(rrro extracts hows maximal activity during exponential growth of the parasite and decreases 
markedly in the stationary phase, The inhibition of protein synthesis by cyclohcximide evoked a rapid loss of enzyme activity with a half-life of 
about 30 min. Upon removal of DFMO from Crithid!u cultures treated with the drug for 24 h, the ODC activity increased at the same rate as total 
protein synthesis. The addition of putrescinc at high concentrations toparasites cultivated in a synthetic medium showed that CrirAldinGDC levels 
were not reduced by polyamines. 
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1. INTRODUCTION 
Ornithine decarboxylase (OK) catalyzes the conver- 
sion of ornithine into putrescine, the first step of pol- 
yarning biosynthetic pathway in eukaryotic ells. Since 
polyamines play important roles in the synthesis of nu- 
cleic acids and proteins as well as in cell proliferation 
[1,2] it is not surprising that the ODC of mammalian 
cells is a precisely regulated enzyme; its activity can be 
modified by a wide variety of stimuli and physiological 
conditions [3,4]. 
Mammalian ODC has a very short half-life of about 
20 min [5] and can be regulated inside the ceil at differ- 
ent levels of gene expression, such as gene amplification 
[6-g], transcription [lo], translation of the correspond- 
ing mRNA [ 11,121 and post-translational modifications 
which include oligomer assembly and protein degrada- 
tion [lO,l3]. Some of these mechanisms are controlled 
by polyamine intracellular levels [14-161. All the above 
mentioned properties and the fact that cell growth is 
usually related to polyamine endogenous concentra- 
tions can explain why ODC has been considered alikely 
appropriate target to block cell proliferation by using 
specific inhibitors of polyamine biosynthesis [l7]. 
inhibitory effect of a-difluoromethylornithine (DFMO) 
on parasite proliferation [20], while the rapid turnover 
of the mammalian host ODC provides continuous yn- 
thesis of new active enzyme [20] and therefore a way to 
overcome the irreversible binding of DFMO. Recent 
reports have indicated that ODC activities from T. 
bnrcci and L. mexicana are not susceptible to polyamine 
regulation [ 18,191 incontrast o the well-known sensitiv- 
ity of the mammalian cell enzyme to the same mecha- 
nism. On the other hand, Piusmodiurrt falciptwum ODC 
seems tn be stable and can be regulated by polyamine 
endogcnous levels [21]. 
The present work is the first report of a metabolically 
unstable ODC. the levels of which are not reduced by 
polyamine regulation. This enzyme has been obtained 
from the non-pathogenic trypanosomatid, Crithidiafis- 
ciculuru, and is potentially useful for the investigation 
of the relationship between protein structure and regu- 
lation of ODC activity. 
2. MATERIALS AND METHODS 
2, II Matcriufs 
Studies of polyamine metabolism in several parasites 
have shown that Trypunosotnu brrrcci and Leisitnmniu 
mexicuna contain rather stable ornithine decarbox- 
ylases [l&19]. This fact seems to explain the selective 
Abbrcviutions: ODC, ornithinc decarboxylasc: DFMO. a-di&toro- 
methylomithine. 
Brain heart infusion, tryptosc and yeast extract were from Difco 
Laboratories, Detroit, Ml. Minimal essential medium (SMEM) and 
amino acids were purchased from Gibco; vitamins, bases, hacmin. 
polyamines, cyclohcximidc. pyridoxal S-phosphate. HEPES buffer 
and antibiotics were obtained from Sigma. L-[l-‘4C]Omithinc (55.9 
Cilmol). L-[U-“Clomithinc (266 CXmol) and t_-[‘)S]methioninc (I ,129 
Ci/mol) were from New England Nuclear, Boston, MA. DFMO was 
a generous gift of Marion Merrel Dow Inc. 
2.2. Purasire cultures 
Correspondence nddress: I.D. Algranati, lnstituto de Investigaciones Crirhidiu fuscicafuta (ATCC 11745) was grown with shaking at 
Bioquimicas ‘Fundacibn Campomar’, Antonio Machado IS I, 1405 28°C in a rich liquid medium [=2] supplsmcnted with O.?% of yeast 
Buenos Aires, Argentina. Fax: (54) (1) 865 2246 extract, or in a completely defined medium (HOSMEM II) described 
Pubfished bJ1 E’tsevier S&we Ptihlishrrs 8. V. 261 
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by Bcrens and Marr [23]. Parasite growth was followed by cell count- 
ing. 
2.3. C&l extract preparations ftnd en:.wfutic ftssuys 
Parasites harvested in the indicated growth phases were scdimentcd 
for 10 min at 3,030 x g, washed with 0.05 M HEPES buffer. pH 7.3. 
and resuspended at a concentration of I x 10’ cells/ml in the sume 
buffer containing I mM DTT, 0.1 mM E!IJTA and I mM pyridoxal 
5’-phosphate. Nonidet P-40 was added (0.05% fins1 conccmmtion) 
and after 30 min samples were briefly sonicated. The parasite cxtrncls 
were centrifuged for 20 min at 12,000 xg and supcrnatanl f uids were 
used for enzymatic assays. All operations after cell harvesting were 
carried out at O-V’C. 
ODC activity was measured by the release of radioactive CO1 from 
labeled ornithine, and the characterization f the reaction products as 
well as the calculation of the reaction sioichiometry were performed 
as previously described [l9]. The standard reaction mixture contained 
50 mM HEPES butTer, pH 7.3, 1 mM DTT, 0.1 mM EDTA, 0.5 mM 
pyridoxal S-phosphate and L-[I-“Clornithinc (0.6 mM, 0.1-0.2 &i). 
in a total volume of 0,OS ml. Radioaclive CO: relcused uring the 
reaction performed at 37°C was trapped on a piece of Whatman 3 
MM filter paper soaked with 2 N KOH and then measured in a 
scinGllation counter. 
2.4. ftt ~iso studies of cn:ync turnuser’ ictld reg~rlution 
In order 10 determine the in vivo turnover ale of ODC. and its 
susceptibility to polyamine regulation, Critltidiu cultures were incu- 
bated with cycloheximide (50 pB/ml) or 10 mM putrcscinc. respec- 
tively. Aliquots were collected at the times indicaled in each experi- 
ment and the enzymatic activities were measured. 
Protein. concentration was determined according to Lowry [?4] after 
precipitation with deoxycholate and TCA [25]. 
3. RESULTS AND DISCUSSION 
Decarboxylation of ornithine has been recently dc- 
tected in Crirlzirliafusciculara extracts [26]. In order to 
study in detail the properties of this enzymatic activity 
we hai.e used uniformly labeled ornithine as substrate. 
Under these conditions radioactive putrescinc and CO2 
were characterized as the products formed, and the re- 
action stoichiometry has indicated that the decrease in 
the amount of ornithine was equivalent to putrescine 
formation (results not shown), In addition, while 
DFMO was able to inhibit the reaction almost com- 
pletely (about 90%), aminooxyacetate only provoked a 
small effect. The latter compound at low concentrations 
is an inhibitor of omithine 2-0x0 acid amino-transferase 
and the subsequent oxidative decarboxylations [27]. All 
these results allowed us to discard other CO,-releasing 
Table I 
Catalytic propcrtics of Cririridifr,~rscicrt/uta ODC 
pi-l optimum 1.3 
Km ornithine 0.25 mM 
K,,, pyridoxal S-phosphate 0.09 mM 
Ki DFMO 0.20 mM 
Km pvtrescine >S mM 
The complele system and conditions of the reaction were as dcscribcd 




Fig, I, ODC activities al different stags of C. Jitsricu/ura growth. 100 
ml oliquois from a purusite culture in rich medium were harvested at 
the indicated times. Cell extract preparations and enzymatic assays 
were performed as indicated in Materiais and Methods. ODC specific 
activities hown by bars are the average of two experiments. 
activities and conclude that the enzyme detected in 
Critltidirr was a true ODC. 
Fig. 1 shows that the specific activity of the enzyme 
was maximal in the early stage of the parasite xponen- 
tial growth, decreased in the late logarithmic phase and 
almost disappeared in the stationary phase. 
Optimal enzymatic activity requires rather high con- 
centrations of pyridoxid S-phosphate. When the cofac- 
tor was omitted both in the preparation of parasite 
extracts and in the reaction mixture, ODC activity was 
three-fold lower than at saturating levels of pyridoxal 
S-phosphate. On the other hand, in the absence of 
EDTA the enzymatic activity decreased by 35% 
I 
?a 60 90 120 
Timeafter cycloheximide additior,Irrin.l 
Fig. 2. In vivo :;!nbility of C. J~sciculuru ODC. Parasites were culli- 
vatcd in HOSMEM I1 medium up to the log-phase and cycloheximide 
(50 pg/ml) was added, After different periods in the presence of the 
inbibilor tills w&r colle&d, lysrd and ODC was assaycci. SpcFific 
activities of ODC were expressed as percentages of the initial value 
obtained at lhc time of cycloheximidc addition (6.7 nmol CO,/h/mg 
of protein). 
Volume 301, number 3 FEBS LETTERS April 1992 
Time after DFMD remova In) 
Fig. 3. Recovery of ODC activity alkr removal or DFMO from C. 
~“~sricrrlurrr cultures, Parasites were grown for 24 h in the HOSMEM 
II defmed medium in the absence or prcsencc of IO mM DFMO. The 
culture containing the inhibitor was centrifuged. parasites wcrc 
washed twiceand resuspendtid in fresh medium without DFMO. Aficr 
subsequent incubalion, samples were collcctcd at the indicated times 
and ODC was ass;iyed. Enzymatic specific activities wcrc cxpresscd 
as percentages of the value corresponding to cells cultivated without 
DFMO (4.9 nmol CO,/h/nrg protein) (0). An aliquot of the culture 
after removal of DFMO was incubated with [“%]mcthionine (5 I.rCi/ 
ml, 0.2pM) and the incorporation of radioactivity into TCA-insoluble 
material was mcasurcd at ditTercnt times (0). All values tircthcavcrage 
of duplicate experiments. 
Table I summarizes some properties of Crirlridiu fus- 
ciculura ODC. While the apparent K,,, for ornithine is 
of the same order as the values reported for enzymes of 
other sources, the K,, for pyridoxal Y-phosphate is 
markedly higher. DFMO is an irreversible inhibitor of 
C. fasciculutct ODC, as it occurs with the enzyme from 
mammalian cells and several parasites [ 19,2 128,291. Pu- 
trescine and spermidine are poor inhibitors of the reac- 
tion; their corresponding KiS are higher than 5 mM. 
In order to study the in vivo turnover of C. $mkrlarrr 
ODC, the specific activity of the enzyme was measured 
in cell extracts obtained from parasites cultivated for 
different times with cycloheximide (50 &ml). This 
treatment inhibited Crirhidia protein synthesis almost 
completely (results not shown). Under these conditions 
ODC activity showed a rapid decay (Fig. 2). The en- 
zyme half-life calculated from these data was about 30 
min. 
We have also investigated the recovery of enzyme 
activity upon removal of DFMO from cultures incu- 
bated for 24 h with the inhibitor. This drug provoked 
an almost complete Inhibition of ODC (93% j, and when 
parasites were v&ted and resuspended in the same 
volume of fresh culture medium, a rapid increase of 
ODC activity was detected (Fig. 3j. After about 4 h in 
the absence of DFMO the enzyme reached normal Iev- 
els; the rate of ODC activity revocery was similar to that 
0 
ti 2 4 6 0 
Time &ttzr putmcine additiortn(hl 
Fig. 4. Effect of putrescinc addition to C.&scirubracultureson ODC 
specific activity. Parasites were growi? in the defined medium HOS- 
MEM II with or without the addition of IO mM putrescine. At the 
indicated timL? aliquots were collected and washed. Cell extracts vverc 
prepared and ODC was measured as indicated in Materials and Meth- 
ods. Enzymatic specific activities corresponding to parasites cultivated 
in the abscncc of putrcscine wcrc 4.7 and 3.8 nmol COflmg protein 
at 0 and 8 h, respectively. 
of total protein synthesis. The increase in ODC activity 
should represent a balance between enzyme synthesis 
and degradation. Since the half-life of Crirhick ODC 
seems to be shorter than the average of the parasite 
proteins. the described results might indicate that the 
rate of synthesis of ODC molecules is also higher than 
the values corresponding to the marjority of the other 
parasite proteins. 
Fig. 4 shows that the addition of IO mM putrescine 
to Crirltirlk cultures for different periods of time caused 
a moderate increase of ODC levels. Similar results were 
obtained with sperrnidine. These data indicate that the 
Crirhidia enzyme cannot be regulated by the polyamjle- 
dependent feedback mechanism observed in other cells. 
ODC has been intensively studied in many eukaryotic 
organisms. The enzymes from different sources hare a 
common catalytic mechanism of putrescine formation 
using pyridoxal S-phosphate as cofactor, and they are 
irreversibly inactivated by DFMO. However, these en- 
zymes differ widely in some other properties, such as 
their in vivo stability and their sensitivity to polyamine 
reguhition. 
Mammalian ODC has a very short half-life. The 
rapid enzyme degradation depends on the structure of 
this protein which contains two PEST regions (se- 
quences rich in proline, glutamic acid, serine and thre- 
onine) [30], one of them near the carboxy-terminal end 
[is]. On the other hand, the feedback regulation of 
ODC activity by polyamines results from the reduction 
of enzyme synthesis and the increase in its degradation 
263 
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rate. This regulation seems to depend on the amino acid 
sequence at the amino-terminus of the protein [18]. Re- 
cent work on Trypanosoma brrrcei ODC has indicated 
that this enzyme has a rather slow in vivo turnover and 
is not susceptible to regulation by polyamines, in con- 
trast to the corresponding characteristics of the mouse 
ODC. However, the amino acid sequences of both en- 
zymes show almost ‘90% of homology [18,31]. The dis- 
tinctive properties of the T. brucei enzyme are related 
to different amino acid sequences at both carboxy- and 
amino-terminal ends of the molecule [313, Earlier stud- 
ies carried out in our laboratory have shown that Leisit- 
mania mexicana @DC is also metabolically stable and 
insensitive to polyamine-dependent regulation [19]. It is 
tempting to speculate that digenetic parasites uch as T. 
brucei, L. mexicana and P. falciparutn require a stable 
ODC for their biochemical adaptation to a complex life 
cycle which involves insects and mammals as alternat- 
ing hosts. Conversely, a monogenetic trypanosomatid 
such as Critkidia, which is an insect parasite, might not 
need a special adaptation of polyamine metabolism and 
therefore retains an in vivo unstable ODC. 
A~knsl~,(cdgPrr~offs: We ate indebted to Dr. Sara H. Goldcmberg for 
helpful discussion. This work was partially supported by grants from 
the Swedish Agency for Research Cooperation with Developing 
Countries (SAREC) and the Consejo National de Investigaciones 
Cientificas yT&nicas (Argentina). N.S.G. and I.D.A. arecareer inves- 
tigators of the latter institution. CC. is a fellow of the lnstituto de 
lnvestigaciones Bioqulmicas ‘Fundaci6n Campomar’. 
REFERENCES 
Bachrach. U. and Heimer, J,M. (1989) The Physiology of Pol- 
yamines. CRC Press Inc.. BOCH Ratdn. FL, 
‘Peg& A:E. (1988) Cancer Res. 48,151)-774. 
Pcgg, A.E. (19t36) Eiochcm. J. 234, 249-262. 
Hayashi, S. (1989) in: Ornithine Decarboxylase: Biology. Enzy- 
mology and Moleculur Genetics (Hayashi, S.. cd.) pp, 35-45. 
Pergamon Press, New York. 
Russell, D,H. and Snyder, S.H. (1969) Mol. Pharmacol. 5,253- 
262. 
Pohjanpelto. P., Holtta, E., Jtinne,O.A., Knuutilu, S. and Alitalo. 
K. (1985) J. Biol. Chem. X0, 85328537. 
McConloguc. 1.. Gupta. M.. Wu, 1. and Coffino, P. (1984) Proc. 

















Kahana, C. and Nathans, D. (1984) Proc. Natl. Acad. Sci, USA 
81, 3645-3649. 
Alhoncn-Hongisto, L., Kallio, A., Sinervita, R., Sepanen, P., 
Kontula, K.K., Jlnne, O.A. and Jtinnc. J. (1985) Biochem. Bio- 
~hvs. Res. Commun. 126. 734-740. 
‘McConloguc. L., Dana, S.L, and Coffmo, P. (1986) Mel, Cell 
Biol, 6. 2865-2871. 
Persson, L., Helm, I. and Heby. 0. (1986) FEBS Lett. 205, 175- 
178. 
Hl)lttfi, E. and Pohjanpelto, P. (1986) J. Biol. Chem. 261, 9502- 
9508. 
Van Daalen Wctlers, T., Macrae, M., Brabant, M..Sittler, A. and 
Cal’Rno, P. (1989) Mol. Cell Biol. 9, 54845490. 
Kay, J.E. and Lindsay, V.J. (1973) Biochem. J. 132, 791-796. 
Jlnne, J. and Holtta, E. (1974) Biochem, Biophys, Res. Commun. 
6 I, 449-456. 
Davis, R.H., Krasner. G.N., Di Gangi, J.J. and Ristow, J.L. 
(1985) Proc, Nat]. Acad. Sci. USA 82, 41054109, 
McCann, P.P., Pegg, A,E., and Sjocrdsma, A. (1987) Inhibition 
of Polyamine Metabolism: Biological Significance and Basis for 
New Therapies, Academic Press, New York. 
Coflino, P. (1989) in: Ornithine Decarboxylase: Biology, Enzy 
mology and Molecular Genetics (Hayashi, S., ed.) pp. 127-133, 
Pergamon Press, New York. 
Sgnchcz, CP,, Gonzalez, N.S. and Algranati, I.D. (1989) Bio- 
them. Biophys. Res. Commun. 161, 754761. 
Heby, 0. and Persson, 1. (1990) Trends Biochem. Sci. 15, 153- 
158. 
Assdraf, Y.G., Kahana, C., Spira, D.T. and Bachrach, U, (1988) 
Exp. Parasitol. 67, 20-30. 
Bacchi. C,. Lambros, C.. Goldberg, B., Hutner, S. dnd de Car- 
valho, G. (1974) Antimicrob. Agents Chcmothcr. 6, 785-790. 
Berens. R, and Marr, J. (1978) 5, Parasitol. 64, 160. 
Lowry, O., Rosebrough, N., Fal, A. and Randall, R. (1951) J. 
Biol. Chem. 193. 265-275. 
Bcsadoun, A. and Weinstein. D. (1976) Anal. Biochem. 70. 24l- 
250. 
Hunter, K.J., Strobos, C.A.M, and Fairlamb, AH. (1991) Mol. 
Biochem. Parasitol. 46. 3544. 
Gaines, D.W., Friedman, L. and McCann, P.P, (1988) Anal, 
Biochem. 174, 88-96. 
Mctcalf, B.W., Bey, P., Danzing, C, Jung, M,J,, Casara, P. and 
Vevert, J.P. (1978) J. Am. Chem. Sac. 100, 2551-2553. 
Bacchi. C.J.. Nathan, H.D., Hutner. S.H. and McCann, PP. 
(1980) Science 210. 332-334. 
Rogers. S., Wells, R, and Rechsteiner, M, (1986) Science 234, 
364-368. 
Phillips, M.A,, Coflino, P. and Wang, CC. (1987) J. Biol. Chem. 
2G2, 872 I-8727. 
264 
